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CHAPTER 5
VETLAND HABI TATS
5- 1. Mar shes. Marshes are considered to be any community of grasses or herbs

t hat experience periodic or permanent inundation. Typically, these are inter-
tidal freshwater or saltwater narshes and periodically inundated freshwater
mar shes. Marshes are recogni zed as extrenely val uabl e natural systems and are
accorded inportance in food and detrital production, fish and wildlife cover
nutrient cycling, erosion control, floodwater retention, ground-water
recharge, and aesthetics. Marsh values are highly site-specific and nust be
examined in terns of such variables as species conposition, |ocation, and
extent, which in turn influence their inpact upon a given ecosystem

5-2. Marsh Devel opnment Consi derations. Accurate techni ques have been devel -
oped to estimate costs and to design, construct, and maintain nan-nmade marsh
systens (itenms 2, 19, 42, and 59). Methods are available to predict the

i mpact of the alternatives on the environment and to describe the value of the
proposed resource prior to its selection.

a. Advant ages. Several advantages have been found in marsh devel opnent
as a disposal alternative:

(1) Considerable public appeal

(2) Creation of desirable biological conmunities.

(3) Considerable potential for enhancenent or mtigation
(4) Frequently a | ow cost option.

(5) Useful for erosion control.

Mar sh devel opnent is a disposal alternative that can generate strong public
appeal and has the potential of gaining wi de acceptance when sonme ot her tech-
ni ques cannot. The created habitat has biol ogical values that are readily
identified and accepted by many in the acadenm c, governnmental, and private
sectors. However, application requires an understandi ng of |ocal needs and
perceptions and the effective linmts of the value of these ecosystens. The
potential of this alternative to replace or inprove marsh habitats | ost

t hrough dredged material disposal or other activities is frequently over-

| ooked. Marsh devel opnent techniques are sufficiently advanced to design and
construct productive systems with a high degree of confidence, even in noder-
ate wave energy environnents. For exanple, salt marshes have been established
at Bolivar Peninsula, Texas, and Gaillard |sland, Al abama, behind tenporary
breakwaters in noderate energy areas. These habitats can often be devel oped
with very little increase in cost above normal project operation, a fact
attested to by hundreds of marshes that have been inadvertently established on
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dredged material and by the nore than 130 marshes that have been purposely
created using dredged material substrates in U S. waterways.

b. Di sadvant ages. Several problens are likely to be encountered in
mar sh devel opnent :

(1) Unavailability of appropriate sites.
(2) Loss of other habitats.
(3) Release of contam nants.
(4) Loss of site for subsequent disposal

By far the nost difficult aspect of the application of narsh devel opnent is
the location of suitable sites. Low energy, shallowwater sites are nost
attractive; however, cost factors will becone significant if |long transport

di stances are necessary to reach | ow energy sites. Tenporary protective
structures may be required if | ow energy sites cannot be | ocated and have been
successful at several Gulf coast sites where noderate wave energy occurs
(items 1 and 2). Marsh devel opment frequently nmeans the replacement of one
desirabl e habitat with another, and this will |ikely be the source of npst
opposition to this alternative. There are few reliable nmethods for conparing
the various | osses and gains associated with this habitat conversion; conse-
quently, determining the relative inpact nay best be made on the basis of the
prof essi onal opinion of |ocal authorities. Although studies have shown that
cont am nant uptake fromsoil in marsh environnments is mnimal, the planner
should remain alert that the potential exists with highly contam nated sedi -
ment use. Devel opment of a marsh at a given site can prevent the subsequent
use of that area as a disposal site. In many instances, additional devel op-
ment on that site would be prevented by state and Federal resource agencies.
Exceptions may occur in areas of severe erosion or subsidence, or where previ-
ous di sposal created a | ow marsh and subsequent disposal woul d create a higher
mar sh.

C. Mai nt enance. Dredged material marshes shoul d be designed to be
relatively maintenance free. The degree of mmintenance will |argely depend on
the energy conditions at the site, a factor that should be included in the
cost analysis of the project. No naintenance may be required to protect the
new marsh in | ow energy situations. In areas of sonmewhat higher energy condi -
tions, protection may be required only until the marsh has a chance to mature.
In those areas, protective structures may be designed for a relatively short
l[ife with no additional maintenance required. In high energy situations, per-
petuati on of the marsh may require planned periodic mai ntenance of protective
structures and possibly periodic replanting.
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5-3. CGui del i nes for Marsh Devel opnent.

a. Sel ection of Wetland Type. If nmarsh devel opnent is the beneficia
use alternative selected, it is necessary to select the nost appropriate wet-
land type (Figure 5-1). In nost situations, the selection of a wetland type
will be largely predeternined by overriding environmental conditions such as
tidal range salinity or flood conditions. Mst marsh devel opnent projects,
simply because of the nature of dredged material disposal and the formation of
drai nage patterns, will contain elenents of shallow and deep marsh (fresh-
water) or high and | ow marsh (saltwater).

MARSH DEVELOPMENT NO OTHER
1S SELECTED ALTERNATIVE ] ALTERNATIVES
SELECT WETLAND TYPE
DESIGN OF THE MARSH HABITAT
LOCATION ELEVATION ORIENTATION AND SHAPE p1143
o ENERGY REGIME o ELEVATION'IS PRIME BIGLOGICAL DETERMINANT  * BLEND INTO SURROUNDING ENVIRONMENT o OMOUNT OF DREDGED MATERIAL
o PROTECTION/CONTAINMENT » CONSIOER-SETTLEMENT AND CONSOLIDATION o MINIMIZE HIGH-ENERGY EXPOSURE ® ONE-TIME/INCREMENTAL/CELLULAR
© AQUATIC HABITAT « CONSIDER FASTLAND BORDER o EFFICIENCY OF SIZ€
© TRANSPORT DISTANCE o TAKE ADVANTAGE OF TOPOGRAPHY
e EFFICIENCY OF SHAPE

NOT FEASIBLE

REEVALUATE
MARSH DEVELOPMENT

FEASIBLE

CONSTRUCTION
o CONTRACTING
e SCHEDULING
* INSPECTION

!

PROPAGATION
o NATURAL INVASION
© ARTIFICIAL PROPAGATION
e SUCCESSION

MAINTENANCE

Figure 5-1. Procedural guidelines for selection of marsh
habi t at devel opnent

5-3



EM 1110-2-5026
30 Jun 87

b. Desi gn of Marsh Habitat. The detail ed design of the nmarsh habit at
is separated into four parts: location, elevation, orientation and shape, and
size. The design should maintain the goals of disposal of dredged materia
t hrough the devel opnent of a desirable biological comunity, using the nost
cost-efficient nethods and causing a mni num of environmental perturbation
Engi neering and bi ol ogi cal designs of marshes have been researched and field
tested by WES (itens 19 and 59) in a number of |ocations.

(1) Location. The location of the new marsh nmay be the npbst inportant
decision in marsh devel opnent. Low energy areas are best suited for marsh
devel opnent, and sandy dredged material has been found to be the ideal sub-
strate. Departure fromthese conditions will require a careful evaluation of
the need for structural protection and contai nnent. Hi gh wave or current
energi es may prevent the formation of a stable substrate and the establishnment
of vegetation, nmaking various forns of protective structures or nechani sns
necessary (item 2). Another nmmjor consideration in the protection/contai nnment
equation is the grain-size distribution. Hydraulically placed clay will usu-
ally require tenporary or permanent containment, regardl ess of wave or current
conditions. Containment is generally required to hold fine-grained type nate-
rial within a prescribed area. Silt under very | ow energy situations may
require no containnent or protection; however, in noderate energies it is
essential. Sand that would require no protection under |ow energy situations
may require some protection under noderate wave energy. Cbviously, a wide
range of conditions exists. It should be renmenbered that those areas best
suited for marsh devel opnent (shallow, |ow energy) are also likely to be bio-
| ogically productive. Particular efforts should be made to avoid unusually
producti ve areas such as seagrass neadows, clamflats, and oyster beds. In
general, the further dredged material nust be noved, the greater the cost in
mar sh devel opnent. The availability of suitable equipment may al so i nfluence
the feasibility of distant disposal. Therefore, attention should be given to
| ocating the disposal site as near the dredging operation as possible.

(2) Elevation. Final elevation of the marsh substrate is largely
determ ned by settl enent and consolidation and is the nost critical of the
operational considerations, as it dictates both the amount of material dis-
posed and the biological productivity of the habitat established. Techni ques
are available to predict the final stable elevation of a given vol une of
dredged material placed in a confined intertidal situation (item 19). Salt
mar shes are generally nost productive within the upper third of the tida
range, while freshwater marshes should generally be flooded to a depth of not
nore than 2 feet. Determination of final elevation is critical and should be
based on precise know edge of the el evational requirements of the plant com
munity. Variation in topography will produce habitat diversity and shoul d be
encour aged, provided that the majority of the area is within the desired
el evation range. If the possibility of not being able to achieve a desired

el evation appears likely, incremental filling nmay be possible, with a conser-
vative estimte of the anpbunt of material necessary to attain a given el eva-
tion. Should the final elevation still be too low, the difference can be made
up i n subsequent disposal. If one-tine disposal is anticipated, it my be
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possible to overfill and rework the area to a | ower elevation with earth-
novi ng equi prent

(3) Orientation and shape. The orientation and shape of the new marsh
will largely determine its total cost, its efficiency as a disposal site, and
its effectiveness as a biological addition to the natural environnent. The
shape should mninize inpact on drainage or current patterns in the area sur-
roundi ng the di sposal site and allow it to blend into the surroundi ng environ-
ment. |f high energy forces are anticipated, the marsh shoul d be shaped to
m ni m ze hi gh-energy exposure. Such design will reduce the threat of failure
and reduce the cost involved in providing protection. If available, a fast-
| and border, such as a cove, island, or breakwater, can serve as | ow cost
protection and mnimze the |l ength of otherw se necessary and costly contain-
ing or protective structures. An effort should be made to take advantage of
bott om t opography during the design of the new narsh. Disposal sites are
often not uniformin depth; if possible, protective structures should be
| ocated in shallow water and the fill area in deep water to naxinize the con-
tai nment efficiency. If dikes are built fromlocal material, it may be possi-
ble to deepen the di sposal area by locating borrow material within the dike
area. Shape may al so be a major cost determ nant when diking is required.

For a given area of protected marsh, a circle requires the mni num di ke
length. A rectangle increases dike length in proportion to its | ength-w dth
rati o. For exanple, a rectangle ten tinmes |onger than wide requires a perim
eter nearly twice that of a circle to contain the same area

(4) Size. The size of the disposal area will be a function of the
amount of the material to be dredged and the vol une of the disposal area.
There are several filling options that mght affect size, including one-tine,
increnental, and cellular. One-time filling inplies that a site will be
filled and marsh established within that operation, and that the area will not
be used again for disposal. In increnental filling it is recognized that the
site will be used during the course of nore than one dredgi ng operation or
season and the disposal area will be considered full when a predetermn ned
marsh el evation is attained. In cellular filling, a conpartnment of a pre-
scribed disposal area is filled to the desired el evation during each di sposa
project. Both incremental and cellular filling offer the efficiency of estab-

lishing a | arge disposal site and utilizing it over a period of years, thus
avoi ding repetitive construction, design, and testing operations. A mjor

di fference between these two nmethods is that the cellular nmethod provides a
mar sh substrate at the end of each season, whereas many years may be required
before incremental filling attains this goal. Cellular or incremental dis-
posal sites would generally be larger than one-tine disposal sites, and this
increase in size may offer a nore cost-effective disposal site.

C. Reeval uati on and construction. A final reevaluation of the marsh
devel opnent alternative should take place prior to construction. Marsh
devel opnent contracting procedures may sonetinmes prove to be difficult because
neither the contractors nor the CE may have had previous experience with marsh
contracts. Prebid conferences to explain the intricacies of the project as
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well as carefully detailed contract specifications are strongly advised.
Schedul i ng the dredgi ng can prove to be particularly inportant. To obtain
maxi mum veget ati ve cover within the first year, it is necessary to have the
dredged material in place and with a relatively stable surface el evation by
t he begi nning of the growi ng season. Delays will affect the initial success
of the project and may result in loss of nursery or seed stock, replanting
costs, adverse public reaction, and unwanted erosion at the site. It cannot
be overenphasi zed that careful inspection of the di sposal operation is
essential, as the attainment of the prescribed elevation is critical, an
aspect that nmay not be appreciated by the dredgi ng crew

d. Veget ati on establishment. Propagation of marsh plants can be
attained by natural invasion or artificial propagation. Natural establishnment
of plants can be expected if the environmental requirenents for a marsh comu-
nity, including a source of propagules, are present at a site. In sone cases,

especially in freshwater nmarshes, natural invasion will occur on a site within
a few nmonths; in others, especially saltwater coastal areas, many years nmay be
required. The process of marsh establishment will be accel erated on nost

sites by seeding or sprigging. In the selection of species for artificia
propagation, every effort should be nade to ensure that the sel ected species
represent a natural assenblage for a given area. Exotic or offsite species
will not generally be able to conpete with natural invaders. An exception may
be an instance in which a species is selected for tenporary cover or erosion
control until natural invasion has colonized the site. For exanple, snpoth
cordgrass is planted in tropical Florida, with mangrove seed pods inter-
spersed. The snooth cordgrass provides protection for the mangrove seedlings
until they becone firmy established. The advant age of propagati on by natura
invasion is the low cost, and this may be a pivotal consideration in border-
line projects. The advantages of artificial propagation are nore rapid
surface stabilization and an i nmedi ate vegetati on cover. Seven types of prop-
agul es are available for marsh vegetation establishnent: seeds, rootstocks,
rhi zones, tubers, cuttings, seedlings, and transplants (sprigs). By far the
nost comonly used in marsh establishnment is transplanted sprigs.

(1) Factors influencing design. The successful establishment of a
pl anned marsh requires careful project design and inplenentation. Each site
will exhibit its own peculiarities and nmust be approached individually. In
any marsh design, a nunber of factors are significant; the nost inportant are
salinity, tidal range, flood stages, soil texture, wave and wi nd action, con-
tam nant tol erance, outside influences, and cost.

(2) Protection. The new substrate nust be protected either by virtue
of its location in a |l ow energy area or by placement of a protective structure
such as a permanent or tenporary di ke or breakwater (Figure 5-2). Low energy
areas are nost commonly found in the | ee of beaches, islands, and shoals; in
shal | ow wat er where wave energies are dissipated; on the inside downstream
side of riverbends; in enbayments where nmarshes presently exist; within zones
of active deposition; and away fromlong fetch exposure, tidal channels,
uncontrolled inlets, and headl ands. Plants thensel ves may be used as a

5-6



EM 1110-2- 5026
30 Jun 87

Figure 5-2. A floating tire breakwater installed
at Gaillard Island, Al abama, to protect newy
pl anted marsh from noderate wave energies
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Figure 5-3. Transplants at M|l er Sands habitat devel op-
ment site, planted on 3-foot centers, at the end of the
first growi ng season
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protection barrier by planting nore erosion-resistant |large transplants on the
outer fringes of the marsh, with nore susceptible but |ess expensive propa-
gul es such as rootstocks, tubers, and seeds in the interior and hi gh marsh
areas of the site. Young plants are particularly vulnerable to wildlife
feedi ng and browsi ng. Herbivores such as Canada geese, muskrats, nutria,
rabbits, goats, sheep, and cattle can rapidly destroy a newmy established

mar sh. Heavy grazing may even destroy mature marsh communities. Potentia

ani mal depredation should be evaluated for each site and, in extreme cases,
shoul d be controlled by trapping or fencing.

(3) Plant spacing. Plant spacing is highly site specific and is
governed by the quality of the substrate, type of propagule, length of the
growi ng season, and desired rapidity of plant cover. Generally, when trans-
plants are used, parallel rows and spacings of 1 to 3 feet are recomended to
achieve relatively uniformcover by the end of the second grow ng season
(Figure 5-3). Planting at about 3-foot intervals is usually a good conprom se
bet ween high costs and full cover. |If the cost of transplants is a linmiting
factor, or there is no conpelling reason to attain full cover within a short
time, then spacing may be greater than 3 feet. If the site is extrenely
unst abl e, subject to heavy wildlife pressures or physical stresses, or if
aesthetics are an i medi ate concern, nore dense plantings may be desirable.
For exanple, if Canada geese are known to use the area heavily, the plants
shoul d be spaced closely to encourage the geese to linmt their feeding to the
edges of the new marsh. Transplants may be evenly or randomy spaced; even
spacing is nore efficient in use of machinery and | abor. OQther vegetative
propagul e types such as rootstocks, rhizomes, and smaller sprigs are handl ed
simlarly to transplants. However, since they grow nuch slower initially,
t hese propagul es should be spaced nore closely. Intervals of 1 foot are
recommended for rootstocks and rhizones, and 1 to 1.5 feet for smaller sprigs.

(4) Diversity. In general, a site planted in a variety of species over
a topographic range, fromdeepwater to upland areas, is preferred. Exceptions
to this are sites where physical stresses are particularly harsh or stabiliza-
tion is critical (as on dike slopes), where only one species can tolerate the
conditions, or where quick cover by a vigorous nmonopl anting, such as snooth
cordgrass at lowintertidal elevations, is needed. Mre typically, variation
in site elevation with respect to water regine will necessitate planting the
dredged material with at | east two species to obtain both high and | ow marsh.
Speci es diversity can be used to achieve greater appeal to a nore diverse
group of wildlife, to enhance habitat for a target wildlife species, to con-
trol ani mal depredation by planting a high-value wildlife food species as a
sacrifice, to better ensure site success, and to provide for |ong-range plant
succession at the site by making avail abl e sources of several desirable
speci es. Generally, marshes of about 20 percent nudflats, 30 percent vegeta-
tion cover, and 50 percent open, shallow water are nost productive from an
ecol ogi cal standpoint and in overall wildlife use. It nmay be necessary to
first establish the marsh, then do any clearing that nmay be required for a
wi | dli fe enhancenent objective.
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(5) Plant species selection. The selection of plant species appro-
priate to the region, to the site, and to the project objectives is the first
step toward vegetation establishnent. Success of the project nay hinge upon
t he speci es being planted, propagule types used, and the use of the plant
material by wildlife. The site planner should faniliarize hinself wth nearby
mar sh plant communities that occur on simlar sites, noting the distribution
and rel ati ve abundance of species within the stands. Al species should be
consi dered. Smooth cordgrass, because of its |large areal extent, has been
consi dered the nmajor marsh species in the eastern and gul f coasts of the
United States, but other species such as black needl erush, saltgrass, salt-
meadow cordgrass, big cordgrass, saltmarsh bulrush, river bulrush, cattails,
and nutsedges are al so easily established and highly productive. Figures 5-4,
5-5, 5-6, and 5-7 show generalized profiles of major marsh plant associations
for east and west coast salt marshes, brackish marshes, and fresh | ake, pond,
and river marshes. Selection of a species or mxed group of species for
planting at a particular site should be based upon: project goals, |ocation
climate and mcroclimte, tolerance, soil, plant growh habits, plant avail a-
bility, maintenance requirenments, and costs. If a project goal is to estab-
lish habitat for target wildlife species, any plant species known or suspected
to be of use for cover, food, resting, or nesting for those species should be
considered. If soil stabilization is a goal, species selection will be influ-
enced. Marsh pl ant species have varied capacities for stabilization. Their
underground root structure, rate of growth, and season of growh are inpor-
tant, and species with a | onger growh cycle, such as snooth cordgrass and
sal t readow cordgrass, probably are nore effective at erosion control than ones
such as big cordgrass with a seasonal cycle.

(6) Propagul e selection. Once species selection has been conpl et ed,
nore detail ed consideration nust be given to the type and availability of
pl ant propagul es, the anount of plant material needed to propagate a site, and
the costs. The criteria for selection of propagule types are simlar to the
consi derations used for selection of plant species: availability and costs,
coll ection and handling ease, storage ease, planting ease, disease, urgency of
need for vegetative cover, and site el evation

(7) Handling plant material and planting the site. These techni ques
are generally those that will be applied by a CE contractor. Specific
handl i ng and planting details for nmarsh vegetation are discussed in itenms 19
and 39 for seeds and vegetative propagul es such as transplant and rootstock
Appendi x B provides information on 359 upland and 105 wetl and pl ant species
that may be planted on dredged material beneficial use sites.

(8) Pilot propagation study. In a marsh devel opment project where
there are unknown factors such as seed or sprig collection and planting tech-
ni ques, effects of aninmal depredation, rate of plant spread, heavy netal
upt ake, or | ack of experience in simlar projects, it is prudent to conduct a
pilot study. A pilot project is particularly advisable if the project is a
| arge and costly one. A pilot study’'s main purpose is to determ ne whether or
not the selection plant species and propagules will grow under conditions
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found on the site. The study can be conducted in |l ess than a year, but the
test species should be allowed to grow for one full season before concl usions
are drawn. Such a project should be of sufficient size that it will accu-
rately reflect future operational difficulties. Each sel ected species should
be tested against all site conditions, and it may be advisable to test nore

t han one propagul e type, propagation nethod, planting tine, and plant spacing
for each species. The size of the pilot study is linmted only by the desired
tests, the tinme avail able for such testing, and funding. A sinple statistica
design will pernmit quantitative evaluation of the study where prediction of
degree of success or failure can be made. The success of these plants can
general |y be eval uated by observation of survival. Test plots established
shoul d be eval uated on a regular basis to determ ne survival and growh, natu-
ral plant invasion, erosion, and ani mal depredation. Sanme-position photog-
raphy on a regular basis is also valuable in obtaining a good record of plant
success, growth, or dieback

(9) Time of planting. Time of planting is very inportant regardl ess of
t he propagul e type used. For exanple, seeds planted before the last frost in
the spring may suffer heavy damage, and planting in mdsumer may result in
heat and drought stress of the seedlings as they sprout. Vegetative propa-
gul es may be planted when the ground is not frozen, and when the day tenpera-
tures average |less than 68°F. Wth provisions for local climatic extremes and
peri ods of severe stormor tide activity, propagules are best planted in early
to mdspring. Along the gulf and south Atlantic coasts, planting is recom
mended in all but the sumrer nonths. Fall planting, although a horticultur-
ally acceptable practice, is not recoormended for marshes as severe | oss of
propagul es may result from erosion of sedinents away fromthe root systens
before regrowt h begins the follow ng spring. To | essen shock, propagules held
in storage inside a nursery or greenhouse should not be planted until tenpera-
tures at the field site are at |least as warm as the storage area. Propagul es
held in shady areas should be gradually acclimted to sunny conditions to pre-
vent blistering and death of |eaves. Propagul es should also be acclimted to
the salinity that exists at the site. For exanple, if saltneadow cordgrass
propagul es are dug from a donor marsh of five parts per thousand (ppt) salin-
ity to be planted in a marsh of higher salinity, they could be maintained at
5 ppt until about 2 weeks before planting when they should be noved to a
solution of the same salinity as the accepting marsh. If there is a large
di fference of at |east 10 ppt, gradual acclimation is necessary.

(10) Dredged material (soil) bed preparation and treatnent. Initia
dredged materi al assessnent should have reveal ed certain characteristics of
the substrate: texture, salinity, nutrient level, and potentially toxic
| evel s of netals, pesticides, petroleum products, etc. These characteristics
were consi derations used to sel ect species and propagul es and now nust be con-
sidered in the preparation of the soil bed and any treatnents needed for
planting such as limng and fertilizing. Actual plot preparation should take
pl ace just prior to planting of the site. Sandy dredged material disposa
sites often can be graded to achieve desired sl ope and el evations. Fine-
textured material cannot be easily nodified once placed. Dewatered and
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potentially acidic material may be encountered at higher elevations within the
mar sh devel opnent site. Modification of the pH of this dewatered nmateria

using sone formof |inme may be necessary if the pHis less than 5.5. Fine-
textured dredged material sel domneeds fertilizer, as it tends to be rich in
nutrients. A positive short-term plant response generally can be obtai ned by
fertilizing sandy material and it is usually recomrended on highly erosive
sites. However, long-termsurvival of the site may not be affected by ferti-
lizer applications. In general, under marsh conditions of periodic inunda-
tion, fertilization is not recomrended.

(11) Plants for dikes. Tenporary or permanent di kes nmust often be
erected to contain fine-textured dredged material. It nay be advantageous to
stabilize these with plants to reduce erosion. Representative plants that nmay
be used successfully on dikes in coastal areas are saltneadow cordgrass, salt-
grass, groundsel tree, marsh el der, conmon reed, seaside gol denrod, beach
pani ¢ grass, and coastal bernuda grass. These are established using agronomnic
upl and practices discussed in Chapters 6 and 12 and in items 30 and 32. Dikes
ininterior and freshwater areas may be planted with species such as tal
fescue, reed canary grass, giant reed, common reed, comon Bernuda grass, and
swi tchgrass. All these species may be seeded, and nost are commercially
avail abl e.

e. Pot enti al Probl ens.

(1) Project timing. Dredging and bi ol ogi cal cal endars frequently do
not match. There are two key itens regardi ng biol ogical scheduling: predict-
able lead tine is necessary to prepare sone propagul e types, and planting is
usual ly best in the spring. Transplants grown in a greenhouse cannot be held
beyond a certain point .without greatly increasing costs and weakening the
propagul es. Similarly, seeds nust be collected when they mature in the field

and often will not remamin viable for extended periods of tine. Dredging
schedul es are often variable, particularly so when new di sposal techniques are
bei ng enployed. In alnost all situations the dredgi ng schedule will predoni -

nate; therefore, it is best not to initiate all planting preparations unti
dredging times are assured. In nost situations a delay of 4 to 6 nonths

bet ween conpl eti on of dredgi ng and propagation will be acceptable. If this is
not acceptable, the dredgi ng schedul e should be adjusted if possible. Late
summrer dredging will usually result in a site being ready for propagation in
the spring of the following year. It will often not be possible to dredge and
plant in the sane cal endar year as both procedures are subject to tine con-
straints and del ays.

(2) Contam nant uptake by plants. Metals and chlorinated hydrocarbon
conpounds comonly associated with industrial, agricultural, and urban areas
may be transferred to marsh plants fromthe air, water, or marsh substrate.
When contam nated dredged material is used for marsh devel opment, the poten-
tial for contam nant transfer should be considered. This potential problem
has been discussed in Chapter 2.
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(3) Invasion of nonpreferred plant species. In brackish or freshwater
mar shes, invasion of unwanted plant species such as purple |oosestrife or com
non reed can occur readily if propagul es of those species are already present
nearby. The nmost frequent invader in the east and gulf coast areas with the
exception of south Florida and Texas is comon reed; in freshwater areas,
broadl eaf cattails may create dense stands. Although these two speci es have
value for soil stabilization and wildlife use, they may grow in too dense a
stand for maximumw I dlife diversity and therefore require control. If the
final elevation of a salt marsh substrate is higher than planned and rel a-
tively free of tidal inundation, conmmon reed and nore upland speci es may
invade. In northern U S. fresh marshes, purple |loosestrife is devel oping
into a major pest species. If it is at a higher elevation but tidal inunda-
tion still occurs, a high marsh may result when a | ow marsh was pl anned.

(4) Pests and diseases. Wldlife and feral aninmals of domestic breeds
can destroy newy planted vegetation or retard succession by grazing or tram
pling. Gazing pressure varies anmong regions and situations. Potential con-
trol methods include fencing the site to exclude pests, trapping and renoving
pests, locating the site at a sufficient distance from pest sources, and pl an-
ning the project to avoid a known pest problem |Infestations of harnful pests
such as chewi ng insects and snails will cause occasional problenms and should
be dealt with, if necessary, as they occur. Pest prevention techniques should
be tailored to the site. While plant di seases do occur anong marsh speci es,
heal thy stands will generally not beconme heavily infected. Only in cases of
severe infections should control neasures be undertaken.

f. Post propagati on Mai ntenance and Monitoring. Mnitoring of benefi-
cial use sites is discussed in detail in Chapter 16. There are two nmj or con-
siderations in postpropagati on phases of any marsh project: to maintain or
not to maintain the site. Nonmaintenance has advantages of allow ng natura
succession to take place once the initial establishnment is ensured and
i nvol ves no additional expenditures. Disadvantages that could result from
I ack of maintenance include plant invasion by unwanted species, col onization
by undesirable wildlife species, and major changes in site topography from
climatic forces. Mnitoring can determne the need for further soil treat-
ment, to control for pests, to renmove debris accunul ati ons snothering plants,
to make additional plantings, and to determne site progress and success.

5-4. Engi neering Aspects of Wetland Habitat Devel opnent. Field investiga-
tions and | aboratory tests required for sedi ment characterizati on and sub-
strate design in marsh habitat devel opnent are simlar to those required for
desi gn of conventional dredged material disposal areas. The term "substrate"
here refers to the dredged material upon which a marsh will be devel oped. The
el ements of substrate design include configuration, elevation, protection, and
retention. Required field investigations and | aboratory tests as they pertain
to habitat devel opnent in salt water or fresh water sites include channe

i nvestigations, site investigations, bottomtopography, evaluation of wave and
wat er energy, and substrate foundation investigations including consolidation
and sedi mentation. Mre detail ed descriptions of certain procedures are




EM 1110-2- 5026
30 Jun 87

contained in Palermo et al. (item 62). Engineering design of substrate for
mar sh habitat devel opnent consists of defining elevation, slope, shape and
orientation, and size (area and volune). The design must provide for place-
ment of the dredged material within the desired limts and required el eva-
tions, allowing for settlenment due to consolidation of dredged material and
foundation soils. Adequate surface area or detention tinme nust be provided
for fine-grained sediments to allow settling of suspended solids in order to
meet effluent criteria during construction. Various aspects of substrate
design are discussed in items 19 and 62. Procedures are equally applicable to
both saltwater and freshwater sites.

a. El evati on Control Requirements. The nobst critical aspect of a marsh
devel opnent project is usually attainment of a precisely defined stable el eva-
tion. Unconfined substrates, normally devel oped wi th coarse-grai ned dredged
material, will not undergo significant settlement due to self-weight consoli-
dation. They may, however, require considerable shaving down to reach an
intertidal |evel (Figure 5-8). However, settlenments due to consolidation of
conpressi bl e foundation soils may occur. Confined substrates are normally
devel oped with fine-grained dredged material, and significant settlements of
confined substrates nmay occur due to self-weight consolidation.. One-time con-
struction of confined substrates presents the nost critical requirement of
prediction of settlenents since the initial placenent of dredged material nust
be such that a final elevation within acceptable limts is achieved
(Figure 5-9). Since the substrate surface cannot be raised by |ater placenent
of additional material, the design nmust include predictions of settlenent to
be expected. In incremental construction, the substrate surface elevation is
rai sed by suppl enmental placenent of dredged material, and an exact prediction
of settlenent for initial layers is not required. Field experience gained by
observation of settlement behavior of the initial dredged material |ayer may
be used to aid in prediction of settlenment of subsequent |ayers.

b. Desi gn. for Sedinmentation. Confined substrates conposed of fine-
grai ned dredged material nust be designed for retention of the solids by grav-
ity sedinmentation during the dredgi ng operation. Design for sedinmentation is
directly affected by size of the containment (area and volune), inflowrate (a
function of the dredge size), operational conditions, physical properties of
the sediment, and salinity of the dredging environnent. Design procedures are
avai l abl e that provide for determination of the respective surface area or
detention tine required to accommodat e conti nuous dredged material placenent.
Factors influencing hydraulic efficiency of the substrate containnent nust
al so be evaluated to include effects of short-circuiting, ponding depth, weir
pl acenent, and shape of the containment. If the substrate containnent does
not provide for adequate sedinentation within the project constraints, it may
be possible to increase the substrate contai nment size, decrease the disposa
rate by using a smaller dredge, or increase settling tine by using intermt-
tent operations.

C. Weir Design. Retention structures used for confined substrates nust
provide a neans to release carrier water fromthe di sposal site. This is best



EM 1110-2-5026
30 Jun 87

Fi gure 5-8. Heavy equi pnent was required to
shave down sandy dredged material deposits

to intertidal |evels at Bolivar Peninsul a,
Texas, and at other man-made wetl and sites
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Figure 5-9. Dredged material substrate
surface el evations versus tine



EM 1110-2- 5026
30 Jun 87

acconpl i shed by placing a weir structure within the substrate containnent.

The weir structure nust be designed to provide the capability of selective

wi t hdrawal of the clarified upper |ayer of ponded water within the contai nment
wi t hout excessive resuspensi on and withdrawal of the settled solids. Weir
design is based on the assunption that sufficient surface area or detention

ti me has been provided for sedinmentation and that short-circuiting is not
excessive, Weir design procedures are described in Wal ski and Schroeder

(item 82).

d. Requi rements for Retention and Protection. Site hydraulics and
sedi nent properties deternine the need for retention and protective structures
at marsh devel opment sites. These sites may require structural protection
from erosion caused by currents, waves, or tidal action. A retaining struc-
ture may al so be required to retain the dredged material until it consolidates
and to control the migration of suspended fines. The first step in the sel ec-
tion of a retention or protective structure is to validate the requirenment for
such a structure. Particular concern should be given to the effects of any
proposed structure on current or wave patterns. Structures which nay con-
strict water flow and increase local current velocities or reflect wave energy
may i ncrease erosion. Mich of the engineering discussion in this part is
detailed in item17. The rel ationshi ps between erosion, transportation, and
deposition velocities and the sedinment grain size are summarized in
Figure 5-10. Values are based on velocities neasured 6 inches above the
bottom of a sedinent.

e. Structure Sel ection Considerations. Considerations in containment
structure selection include the dredged material to be retained or protected,
maxi mum hei ght of dredged material above firmbottom required degree of
protection from waves and currents, pernmanence of the structure, foundation
conditions at the site, and availability of structure material. These con-

siderations will deternmine feasibility of a structure in relation to the
project goal, the likelihood that the structure can be maintai ned over its
useful life, and the structure’'s total cost. These factors are site-critica

and require engineering site data. Several retention and protective structure
types are considered technically feasible for use in marsh habitat devel opnent
and are illustrated in Figure 5-11. Two types of structures are likely to be
used in habitat devel opnent projects: sand dikes and fabric bags.

f. Desi gn Consi derations.

(1) Final elevation of the substrate nmust be considered in the site
design. The first step is to establish the desired el evation of the proposed
mar sh. Antici pated foundation and fill consolidation to obtain maximum fil
| evel , maxi mum pondi ng | evel, and theoretical maxi mnum di ke hei ght of structure
i ncl ude any additional freeboard that may be necessary to prevent overtoppi ng.
Al l owances for retention structure settlenent must al so be considered. In the
desi gn of containnent structures, all the water and earth pressure forces act-
ing on the structure nust be considered, as well as any surcharge that is
anticipated during construction or in later use. New substrate which requires
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a retaining structure generally will be conmposed of soft clays and silts,

which remain in a slurry state for a significant period after placement. A
fluid pressure | oading may be exerted on the retaining structure until the
substrate begins to consolidate and devel op shear strength.

(2) Wnd wave characteristics such as height, period, direction, and
the probability of occurrence can be found using locally collected data and
hi ndcasti ng met hods. At sites where wi nd waves appear to be a nmjor con-
sideration, early recognition of that fact nmay permt relocation or shifting
of the site to reduce the open-water fetch in the predoni nant wi nd direction
thus limting the maxi num wi nd- generated wave. |In shall ow back bays and
estuaries, water depth will frequently linmt the growth of wi nd waves
(item 17).

(3) Ship-generated waves may al so be a major cause of erosion along the
edges of marshes. Wave neasurenents properly timed to ship traffic at the
di ke site will allow establishnent of a design value. Erosion and scour cause
the renoval of soil particles by water action above and bel ow normal water
surfaces; they can cause structural failure and nust be guarded agai nst by
properly designed protective structures. The erosive ability of water waves
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and currents at a potential disposal site nmust be considered in the selection
and design of a retaining structure and its foundation. Erosion can be mni-
m zed by proper |ocation and orientation of the retention/protective struc-
ture. Locating the site in a |low energy environment is the ideal solution

and a must in many areas. Flattening the outer slopes of the fill or dike
wi Il reduce turbul ence and scour. Stream ining the upstreamface of the fil
will also |l essen erosion. Vegetation nay be used to stabilize the di ke and

reduce erosion. Protection of inner and outer surfaces by the use of filter
cloth, revetnent, or antiscour blankets of rubble may be required in higher
energy situations. Protection created by breakwaters or floating wave attenu-
ating devices is also possible but may not be economcally feasible (item 17).

(4) In riverine environnents, an inportant consideration in deternining

wat er velocity must be the effect the fill placement will have on altering the
flow conditions. When the fill decreases the cross-sectional area of a
channel, there will be resulting increases in flow velocities and/or water

surface el evations. These should be estinmated and used to eval uate the ero-
sion and scour potential. Foundation stability, stress, settlement, and seep-
age forces and piping are al so inportant considerations in site design
(items 17 and 62) (Figure 5-12).

g. Construction Considerations for Retention/Protective Structures.
Characteristics of the site will determ ne which construction techniques are
feasible and greatly influence construction costs. Anong the |ocation factors
that influence costs are: equi pnment accessibility, wave and current condi -
tions, tidal range, water depth, bottom conditions, and distance fromthe
dredging site (item 17). Construction techniques and control of these struc-
tures are discussed at length in itens 17 and 62.

h. Weir Structures. Weir structures are required for rel ease of water
during and after the filling operations and shoul d be considered an integra
part of the retention/protective structure. Weirs should be well-anchored and
collared. Two basic types of weirs are the drop inlet and the box. The drop
inlet weir is nmost conmonly used in CE confined di sposal operations. The
structure consists of a half-cylinder corrugated netal pipe riser equipped
with a gate of several stop-logs or flashboards that serve as a variable
hei ght weir. They can be added or renobved as necessary to control flow into
and out of the containnent area. A discharge pipe |leads fromthe base of the
riser through the dike to the exterior. The box weir consists of an open cut
t hrough the entire di ke section. The cut is usually lined with timber but
could be lined with concrete or steel. Box sluices also use stop-logs for
control I i ng drai nage. Box sluices are not often enpl oyed. However, box
sluices are capable of rapidly discharging | arge volunes of water. This fea-
ture could prove advantageous in marsh establishnent since natural water |eve
fluctuations throughout the containnent area may be necessary during construc-
tion and are essential to the natural operation of the new marsh. Additiona
i nformati on regarding weir design, construction, and operation can be found in
items 30, 62, and 82.
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i Dredged Material Placenent Operations. Material may be placed
within the disposal site using either hydraulic or mechanical methods. The
hydraulic pipeline dredge is by far the nost conmonly used method and will
provide the major source of material to be used for marsh establishnent.
Pi peline length can be extended to several miles with the addition of inter-
nedi at e booster punps, but at a substantial additional cost (item 19).
Hydraulic transport of material assunes additional prom nence when one con-
siders that the newer concepts for dredged nmaterial handling systens involving
di rect punpout of bucket-|oaded scows usually involve final disposition via
pi pel i ne. The pipeline dredge can dispose of material in shallow water areas
t hrough the use of shore lines or shallowdraft floating pipelines. Detailed
i nformati on on obtaining sel ected dredged material for di ke construction
operations for placenent of the material, novenent of pipelines in shallow
wat er areas and on the shoreline, energy dissipators, operational guidelines,
and the influence of dredged material placenment on structures is presented in
item 19.

j- Managenment Activities for Confined Substrate Placement. Placenent
of dredged material within a confined area is identical with placenment in any
ot her contai nment area. Certain managenent activities are therefore necessary
to ensure that suspended solids are retained within the area and that effluent
quality is maintained (items 4 and 62). The managenent of surface water can
be acconplished by controlling the elevation of the outlet weir(s) throughout
the operation to regulate the depth of water ponded within the contai nment
area. Proper managenent of surface water is required to ensure contai nnment
area efficiency and can provide a neans for access by boat or barge to the
contai nnent area interior. At the beginning of the placenent operation, the
outlet weir is set at a predetermned el evation that will ensure that the
ponded water will be deep enough for settling as the contai nment area is being
filled. As the operation begins, slurry is punped into the area; no effluent
is released until the water |evel reaches the weir crest elevation. Effluent
is then released fromthe area at about the same rate as slurry is punped into
the area. Thereafter, the ponding depth decreases as the thickness of the
dredged material deposit increases. After conpletion of the placement opera-
tion and of the activities requiring ponded water, the water is allowed to
fluctuate with the tides through the existing weir structure. Use of the
ponded water for floating the pipeline within the containnent area can be of
benefit to general contai nnent area nmanagenent by greatly facilitating the
novermrent of the inlet point without disruption of the dredgi ng operation. The
floating inlet allows selective placenent of coarse-grained material behind
the retention structure or at desired nounding locations within the substrate.
Once the substrate has achi eved the desired degree of stability and after
careful consideration of the erosion potential of such an action, the weirs or
retention structure may be breached to allow natural water circulation
t hr oughout the substrate area.

5-5. Whoded Wetl and Habitats. In contrast to marsh devel opnent, al nost no
devel opnent of wet woodl ands on dredged material has been researched or field
i mpl enented. Item 41 devel oped gui delines and drew restoration plans for
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bottom and hardwood sites and floodplain islands. Guidelines are not avail -
abl e for cypress/tupel o swanps nor for northern wody bogs, types of wooded
wet | ands conmonly encountered by the CE. Since dredgi ng operations and dis-
posal sites are generally carefully steered away from wooded wetl ands and
wooded wet| and habitat devel opment has been very infrequent, this EMw Il not
address these types of habitats.
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